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PROCESS FOR THE PREPARATION OF
ALKANEDIOL

This application claims the benefit of European Patent
Application 06110248.9 filed Feb. 22, 2006 which is incor-
porated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a process for preparing
alkanediol from alkylene carbonate under heat recovery.

BACKGROUND

It is well known to convert alkylene oxide into a cyclic
alkylene carbonate in the presence of a suitable catalyst.
Such processes have been described for example in U.S. Pat.
No. 4,508,927 and U.S. Pat. No. 5,508,442. These patents
describe processes in which an alkylene oxide is reacted
with carbon dioxide in the presence of a catalyst to form the
cyclic alkylene carbonate. The catalyst can be an organic
phosphonium halide as described in U.S. Pat. No. 4,508,927,
a metal halide as described in U.S. Pat. No. 5,508,442, or an
organic trisubstituted phosphine as described in Japanese
patent application No. 73022702.

A process for hydrolyzing cyclic alkylene carbonates to
produce a diol and carbon dioxide, more specifically to
produce 1,2-propanediol, has been disclosed in WO-A 2004/
056793. This reference describes a process for the prepara-
tion of 1,2-propanediol from propylene oxide, which process
comprises: (a) contacting propylene oxide with carbon diox-
ide in the presence of a homogeneous phosphorus compris-
ing catalyst to obtain propylene carbonate, (b) optionally
removing at least part of the carbon dioxide, (¢) adding
water to the reaction product comprising propylene carbon-
ate and phosphorus comprising catalyst and contacting the
mixture with a heterogeneous catalyst to obtain 1,2-pro-
panediol in combination with dialkyl carbonate and/or car-
bon dioxide, and (d) separating 1,2-propanediol from the
reaction product obtained.

This process requires a considerable amount of energy. It
would therefore be an advancement in the art to obtain an
improvement of the method of the above process, to more
efficiently control the energy balance of the process.

SUMMARY OF THE INVENTION

The present invention provides a process for the prepa-

ration of alkanediol comprising:

(1) contacting alkylene oxide with carbon dioxide in the
presence of a carbonation catalyst to obtain a reaction
mixture containing alkylene carbonate at a reaction
temperature of from 100 to 200° C.;

(ii) contacting the reaction mixture obtained in step (i)
with R—OH, in which R is hydrogen or an alkyl group
in the presence of a catalyst to obtain a second reaction
mixture containing alkanediol and R,CO;;

(iii) subjecting the second reaction mixture containing
alkanediol and R,COj; to a separation step to yield a
crude alkanediol stream, which is subjected to distilla-
tion to yield a purified stream of alkanediol as a bottom
stream;

(iv) subjecting the purified stream of alkanediol obtained
in step (iii) to further distillation to obtain a second
bottom stream containing a mixture of alkanediol,
heavy components, and optionally carbonation catalyst,
and a top stream containing high purity alkanediol;
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wherein at least part of the reaction mixture obtained in
step (i) is used for heat exchange with at least part of
the crude alkanediol stream and/or with at least part of
the purified alkanediol stream.

DETAILED DESCRIPTION

The process of the present invention is suitable for the
preparation of C,-C alkanediols, more especially 1,2-pro-
panediol and 1,2-ethanediol, from the corresponding C5-C,
alkylene carbonates which are prepared by reacting the
corresponding C,-C, alkylene oxide with carbon dioxide.
Where 1,2-ethanediol is to be prepared, the alkylene oxide
to be used in step (i) of the present process is ethylene oxide
and the alkylene carbonate obtained in step (i) is ethylene
carbonate. Preferably, the process of the present invention is
used for the preparation of 1,2-propanediol. In the latter
case, the alkylene oxide to be used in step (i) is propylene
oxide and the alkylene carbonate obtained in step (i) is
propylene carbonate.

In step (i) of the invention alkylene carbonate is prepared
from alkylene oxide and carbon dioxide. Alkylene carbonate
can be obtained by methods known in the art. For instance,
propylene oxide is contacted with carbon dioxide in the
presence of a carbonation catalyst, such as a homogenous
phosphorus-containing catalyst or metal halide catalysts
such as disclosed in U.S. Pat. No. 5,508,442. Other homo-
geneous carbonation catalysts are well known in the art and
have been e.g. described in U.S. Pat. No. 4,508,927 and
Japanese patent application No. 73022702.

The carbon dioxide can be either pure carbon dioxide or
carbon dioxide comprising further compounds. Since in one
embodiment of the present process in which R is hydrogen,
R,CO; will decompose into water and carbon dioxide. It is
especially suitable to use such carbon dioxide. Carbon
dioxide is produced in the reaction of the alkylene carbonate
with water. Therefore, it is especially attractive to separate
carbon dioxide in step (ii) of the process. The carbon dioxide
separated as such or after having been purified, can be
recycled to step (i) of making alkylene carbonate from
alkylene oxide. The extent to which the carbon dioxide is
purified depends on the nature and the amounts of contami-
nants present in the carbon dioxide. These again depend on
the exact reaction conditions and purification steps of the
process.

Alkylene oxide, e.g. propylene oxide, is reacted with
carbon dioxide at operating conditions which are well
known to be suitable. Such process conditions will generally
comprise a temperature of from 100 to 200° C., more
specifically 120 to 190° C., and a pressure of at least 5x10°
N/m?, more specifically a pressure of from 5 to 100x10°
N/m?, most specifically of from 10 to 30x10° N/m?>.

The advantageous results of the present invention are
obtainable by the selection of the reaction temperatures of
step (i) and the heat exchange of the relatively hot reaction
mixture obtained in step (i) with the relatively cold streams
to be distilled in steps (iii) and/or (iv) (i.e., the crude
alkanediol stream and/or the purified alkanediol stream).
This method is very advantageous for performing the pro-
cess at low energy costs. Since low temperature heat cannot
be integrated in other parts of the process and high tem-
perature operations are limited by the desired selectivity of
the reactor, this process has a further advantage over the
prior art processes. In a preferred embodiment the inlet
temperature is from 120 to 170° C. and the outlet tempera-
ture from 150 to 190° C., provided that the inlet temperature
is lower than the outlet temperature.
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The heat exchange can be obtained by liquid-liquid heat
exchange or by evaporating heat exchange. More preferred,
heat exchange can be obtained by evaporating heat
exchange, which limits the maximum temperature of the
heat recovered to below the lowest temperature in the heat
exchanger. The temperature delta over the heat exchanger is
determined by the recycle ratio, which preferably is between
5 and 350. By applying a ratio of about 20 the heat delta over
the heat exchanger is around 180 to 150° C., which has the
additional advantage that the heat can be integrated by
means of an evaporating medium, such as steam, with other
units. Suitable units include a water distillation column and
a catalyst concentration unit, which both operate at about
120° C. Apart from the possibility of an external heat
exchanger, there is the possibility of heat exchange inter-
nally in the reactor, for instance, by using a hollow spiral
filled with a liquid of with an evaporating fluid.

The heat exchange is preferably carried out on the entire
crude alkanediol stream. This has the advantage that there no
additional heating measures need to be taken. The skilled
person will realise that the energy content in the reaction
mixture is generally sufficient to heat this stream. Therefore
this stream is particularly suitable for being heated in the
present process. This is the more so in the embodiment
where R is hydrogen. Then there is already a separation of
carbon dioxide resulting from the decomposition of H,CO;.

The reaction mixture of step (i) is contacted with a
hydroxyl-group containing compound of formula R—OH. R
can be hydrogen, so that R—OH constitutes water. R can
also be an alkyl group so that R—OH constitutes an alkanol.
Suitable alkanols include C,_, alkanols. Particularly suitable
are methanol, ethanol and isopropanol. Preferred alkanols
are methanol and ethanol.

If R is hydrogen the catalyst in step (ii) is suitably a
hydrolysis catalyst. The hydrolysis catalysts for use in step
(i) of the present invention are suitably heterogeneous
catalysts that can catalyze the hydrolysis reaction of water,
and which are well known in the art. Examples of such
catalysts comprise solid inorganic compounds such as alu-
mina, silica-alumina, alumina carrying a copper compound,
silica-alumina carrying a copper compound, silica-magne-
sia, aluminosilicate, gallium silicate, zeolites, metal-ex-
changed zeolites, ammonium-exchanged zeolites, zinc on a
support, lanthanum on a support, a mixture of aluminium
and magnesium hydroxide and oxide, and ion-exchange
resins. Preferably, the heterogeneous catalyst employed in
step (ii) is chosen from the group consisting of a mixture of
aluminium and magnesium hydroxide or oxide, zinc on a
support, lanthanum on a support, and alumina.

A catalyst which is preferably used consists of alumina.
Preferably, the alumina is gamma-alumina. Surprisingly, it
was found that the alumina catalyst is especially preferred in
the present invention. Carbon dioxide is released when the
alkylene carbonate reacts with water and carbon dioxide is
well known to cause problems if present with a basic or
amphoteric catalyst. It was observed that the activity and
selectivity of the alumina catalyst remained high even if a
substantial amount of carbon dioxide was present such as a
carbon dioxide partial pressure of from 5 to 50x10° N/m?,
more specifically of from 7 to 40x10° N/m?, most specifi-
cally of from 10 to 30x10° N/m>.

In a preferred embodiment step (ii) is performed in two
stages. Step (ii) then comprises (ii-a) contacting alkylene
carbonate with water in the presence of a hydrolysis catalyst
to obtain a reaction mixture comprising alkanediol and
H CO; which decomposes into carbon dioxide and water,
and subsequently removing carbon dioxide from the reaction
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mixture obtained, and (ii-b) contacting at least part of the
reaction mixture obtained in step (ii-a) with further hydroly-
sis catalyst and optionally adding further water.

When R is an alkyl group the catalyst of step (ii) is
preferably a transesterification catalyst. Suitable catalysts
have been described in e.g., U.S. Pat. No. 5,359,118, and
include hydrides, oxides, alcoholates, amides or salts of
alkali metals, i.e. lithium, sodium, potassium, rubidium and
cesium. It is advantageous to use the alcoholate of the
alkanol that is being used. Such alcoholates can be added as
such or formed in situ. Other suitable catalysts have been
described in EP-274 953, U.S. Pat. No. 3,803,201, EP-A
1082 and EP-A 180 387.

Water or alkanol is added to the reaction product com-
prising the alkylene carbonate, and the process is preferably
carried out at a temperature of from 50 to 300° C., preferably
of from 80 to 250° C., more specifically of from 100 to 200°
C. The pressure can vary widely, and preferably is at most
50x10° N/m?, more specifically at most 30x10°> N/m>.

The reaction mixture containing alkanediol and R,CO; is
subjected to a separation treatment in step (iii). When R is
hydrogen carbon dioxide is formed and this is preferably
removed in an intermediate stage. Preferably the carbon
dioxide is removed by flash distillation. That results in a
remaining stream containing alkanediol and water. This
stream and reaction mixtures when R is an alkyl group are
considered the crude alkanediol stream that is subjected to
distillation in step (iii). This stream is subjected to distilla-
tion resulting in a bottom stream comprising the purified
alkanediol and a bottom stream that either comprises water
or dialkyl carbonate with unreacted alkanol, if any.

This distillation is particularly useful, as in the case
1,2-propanediol is prepared, the reaction mixture may com-
prise also acetaldehyde, propylene oxide, and propionalde-
hyde. These products may be formed as by-products in the
reaction. In this way these low-boiling components are
removed from the process, which prevents build-up or
undesired side reactions of these components.

The purified alkanediol separated as the bottom stream is
subsequently further purified by distillation. This distillation
is meant to further purify the stream and free it from heavier
compounds. A well known by-product in the manufacture of
1,2-propanediol is dipropylene glycol. The latter can be
removed relatively easily by distillation. The high purity
1,2-propanediol is then recovered as the top stream in this
distillation.

The carbonation catalyst which is present in the crude
reaction mixture of step (i), can be separated off from the
reaction mixture by the distillation in step (iv), at least part
of which catalyst can be recycled for use in making the
alkylene carbonate. The carbonation catalyst can be recycled
in combination with further compounds either added to or
formed in the process according to the present invention.
Preferably, the catalyst will be recycled while being dis-
solved in alkanediol.

It was found that the presence of a solvent can be
advantageous in the process according to the present inven-
tion. A protic solvent was found to reduce decomposition of
the carbonation catalyst. Alkanediol, e.g. 1,2-propanediol,
was found to be an especially advantageous solvent. The
solvent is preferably present during the whole process such
as in the carbonation step (i), conversion step (ii) and
separation step (iil) and/or (iv).

The invention claimed is:

1. A process for the preparation of alkanediol comprising:

(1) contacting alkylene oxide with carbon dioxide in the

presence of a carbonation catalyst to obtain a reaction
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mixture containing alkylene carbonate at a reaction
temperature of from 100 to 200° C.;

(ii) contacting the reaction mixture obtained in step (i)
with R—OH, in which R is hydrogen or an alkyl group
in the presence of a catalyst to obtain a second reaction
mixture containing alkanediol and R,CO;;

(iii) subjecting the second reaction mixture containing
alkanediol and R,COj; to a separation step to yield a
crude alkanediol stream, which is subjected to distilla-
tion to yield a purified stream of alkanediol as a bottom
stream;

(iv) subjecting the purified stream of alkanediol obtained
in step (iii) to further distillation to obtain a second
bottom stream containing a mixture of alkanediol,
heavy components, and optionally carbonation catalyst,
and a top stream containing high purity alkanediol;

wherein at least part of the reaction mixture obtained in
step (i) is used for heat exchange with at least part of
the crude alkanediol stream or with at least part of the
purified alkanediol stream.

2. A process according to claim 1, wherein the reaction
mixture obtained in step (i) is used for heat exchange with
both at least part of the crude alkanediol stream and at least
part of the purified alkanediol stream.
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3. A process according to claim 1, wherein a homoge-
neous carbonation catalyst is applied in step (i).

4. A process according to claim 1, wherein the carbon-
ation catalyst of step (i) is a tetraalkyl phosphonium bromide
catalyst.

5. A process according to claim 1, wherein part of the
carbonation catalyst recovered in step (iv) is recycled.

6. A process according to claim 1, wherein in step (i) an
inlet temperature of from 120 to 170° C. and an outlet
temperature of from 150 to 190° C. is used, provided that the
inlet temperature is lower than the outlet temperature.

7. A process according to claim 1, wherein the alkylene
oxide is a C,-C alkylene oxide.

8. A process according to claim 7, wherein the C,-Cg
alkylene oxide is ethylene oxide or propylene oxide.

9. A process according to claim 7, wherein the C,-Cg
alkylene oxide is ethylene oxide, the alkylene carbonate is
ethylene carbonate and the alkanediol is 1,2-ethanediol.

10. A process according to claim 7, wherein the C,-C
alkylene oxide is propylene oxide, the alkylene carbonate is
propylene carbonate and the alkanediol is 1,2-propanediol.
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